ABSTRACT Pituitary protein transcription factor (Pit-1) is a member of a large family of protein transcription factors that include Pit-1, Oct-1, Oct-2, and Unc-86. The goal of this experiment was to determine whether the population of Pit-1-containing cells changes in the anterior pituitary of chicken by the regulation of feeding. White Leghorn hens were subjected to withdrawal and resumption of feeding. The anterior pituitaries were collected from hens at pretreatment, at 2 d after withdrawal of feeding (2DWF), and 1 d and 5 d after resumption of feeding (1DRF and 5DRF, respectively). Sections of the (Key words: chicken anterior pituitary, Pit-1 nuclei, regulation of feeding)
INTRODUCTION
Pituitary protein transcription factor (Pit-1) is a member of a large family of pituitary protein transcription factors that include Pit-1, Oct-1, Oct-2 and Unc-86. The expression of the anterior pituitary hormone genes could be modulated by hypothalamic factors (Jackson and Reichlin, 1974; Thommes et al., 1985; Saeed and El Halawani, 1986; Stachura et al., 1988) . However, Pit-1 plays an important role in the regulation of the pituitary genes expression, including the synthesis of prolactin (PRL), growth hormone (GH), and thyroid-stimulating hormone-β (TSH-β) subunits in mammals (Bodner et al., 1988; Ingraham et al., 1988; Mangalam et al., 1989; Li et al., 1990; Ryan and Rosenfield, 1997) . The Pit-1 also plays a fundamental role in differentiation of the pituitary cell types secreting these hormones (Rhodes et al., 1994; Cohen et al., 1996) . The Pit-1 expression in the anterior pituitary of chickens was also confirmed (Tanaka et al., 1999; Van As et al., 2000) . On the other hand, during withdrawal of feeding circulating levels of GH and thyroid hormone increased, whereas PRL decreased (Harvey et al., 1978; Brake et al., 1979; Hoshino et al., 1988 
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pituitaries were immunostained for Pit-1. They were examined under a light microscope with an image analysis computer system. The Pit-1 positive nuclei were found in the glandular cells in the cephalic and caudal lobes of the anterior pituitary in all four groups of hens. The Pit-1 cell population significantly increased in the 2DWF and 1DRF and decreased thereafter in 5DRF. These results suggests that feed withdrawal may stimulate Pit-1 expression in chicken, suggesting that Pit-1 may be involved in control of pituitary functions during the process of feed regulation.
Yoshimura (2002a) reported that GH-and TSH-immunoreactive cell population increased; however, PRL cell population decreased during feed withdrawal. Although it is well known that Pit-1 regulates GH, TSH, and PRL gene expression in mammals (Ingraham et al., 1988; Mangalam et al., 1989; Gonzalez-Parra, 1996) , it is still unknown whether the expression of Pit-1 changes during the regulation of feeding, which might focus to reveal the mechanism by which the synthesis of pituitary hormones is regulated. The goal of our study was to determine whether the population of Pit-1 containing cells changes in the anterior pituitary of chicken by the regulation of feeding. We have examined the changes of Pit-1 protein by immunocytochemistry.
MATERIALS AND METHODS

Birds and Tissue Preparation
White Leghorn hens (approximately 500 d of age) laying three eggs or more in a sequence were kept in individual cages under a daily light regime of 14L:10D. Egg laying was recorded everyday. Birds were subjected to feed withdrawal for 2 d with a resumption of feeding Abbreviation Key: 1DRF and 5DRF = 1 d and 5 d after resumption of feeding, respectively; 2DWF = 2 d after withdrawal of feeding; GH = growth hormone; Pit-1 = Pituitary protein transcription factor; PRL = prolactin; PT = pretreatment; TSH-β = thyroid-stimulating hormone-β. thereafter. Each bird was provided with water ad libitum throughout the experimental period. The birds were examined at different stages of treatment, namely pretreatment (PT), 2 d after withdrawal of feeding (2DWF), 1 and 5 d after resumption of feeding (1DRF and 5DRF, respectively). Five birds were used in each group. The anterior pituitary tissues were collected after euthanizing the birds with an overdose of Nembutal 2 injection and perfusion with formalin-PBS. Then, the collected tissues were fixed in Bouin solution, followed by paraffin embedding. The above experiments were done in agreement of the regulation of Hiroshima University for experiments on animals. Midsagittal sections of the anterior pituitary (6 µm thick) were prepared and immunostained for detecting Pit-1.
Immunostaining for Pit-1
Deparaffinized sections were washed with PBS three times for a total of 15 min (3 × 5 min), and the sections were incubated in 5% milk casein for 10 min. Then, they were incubated for 48 h with rabbit polyclonal antibody to full-length Pit-1 of rat origin, 3 diluted to 1:5 in 5% milk casein. The sections were then washed with PBS for 15 2 Dainippon Pharmaceutical Co., Ltd. Japan. min (3 × 5 min). Immunoreactions were detected using the Vectastain ABC-PO Kit. 4 Briefly, the sections were incubated with biotinylated anti-rabbit IgG and then with avidin-peroxidase complex for 1 h each. Immunoreaction products were revealed by incubating the sections with 0.02% (wt/vol) 3,3′-diaminobenzidine and 0.005% (vol/ vol) H 2 O 2 . The control staining in which the primary antibody was replaced with normal rabbit IgG did not show any specific reactions.
Five hens were used in each group. The sections were examined under a light microscope with an image analysis computer program, Image-Pro PLUS.
5 For the analysis of the population of Pit-1 positive cells, observations were made in five different areas (16,000 µm 2 ) in each lobe (cephalic and caudal lobes) of the anterior pituitary. Then the positive cell number in a 1 × 10 4 µm 2 area of each lobe was obtained based on the average of five counts. The analysis was repeated (two sections for one pituitary), and the average was used as the value in one pituitary. The statistical analysis was conducted by one-way AN-OVA (Snedecor and Cochran, 1967) , followed by Duncan's multiple range test (Duncan, 1955) for Pit-1 positive cell frequencies in different groups. Differences were considered significant at P < 0.05.
RESULTS
The Pit-1 immunoreaction products were observed in the nuclei of glandular cells in cephalic and caudal lobes of all groups of birds (Figure 1) . In both lobes, the fre- quency of Pit-1 positive cells increased (P < 0.05) in 2DWF and 1DRF groups of hens when compared with PT group of hens. Then, the positive cell frequency decreased in 5DRF group's hens (Figures 2 and 3 ). The population of positive cells was not different between cephalic and caudal lobes in each group of hens.
DISCUSSION
This is the first report that examined the changes in the population of Pit-1-containing cells in the anterior pituitary of chicken with reference to the process of induced molting. The Pit-1 positive cell population increased in 2DWF and 1DRF and then decreased in 5DRF. Therefore, we suggest that feed withdrawal may enhance the expression of Pit-1 and resumption of feeding results in the decline of the expression.
It is known that Pit-1 is involved in the regulation of expression and differentiation of GH, TSH, and PRL in mammals (Ingraham et al., 1988; Steinfelder et al., 1992 a,b; Rhodes et al., 1994; Cohen et al., 1996) . The glandular structure of the anterior pituitary consists of hormoneproducing cells and folloculo-stellate cells (Chowdhury and Yoshimura, 2002b) . Although the type of cells expressing Pit-1 is unknown in chicken, Pit-1 localization was confirmed in the nuclei of glandular cells in the current study. We have shown that GH and TSH cells significantly increased and PRL cells decreased during the process of feed withdrawal (Chowdhury and Yoshimura, 2002a) . Thus, it seems that there is an association between the changes in the population of these hormone-secreting cells and of the Pit-1 expression. The nuclear Pit-1 may modulate the synthesis of anterior pituitary hormones in addition to hypothalamic regulation. Furthermore, previous researchers reported that in chicken pituitary GH cells were located in the caudal lobe, PRL cells in the cephalic lobe, and TSH cells in both cephalic and caudal lobes (Mikami, 1983; Scanes et al., 1984) . As Pit-1 was observed in both lobes, it is possible that Pit-1 is expressed in these cell types.
Taken together, our results suggest that feed withdrawal may stimulate Pit-1 expression in chicken anterior pituitary. It is assumed that as a local factor in pituitary, Pit-1 may play roles for regulation of pituitary glandular cell functions and population, which are associated with feed regulation.
